Introdução: Poucos estudos investigaram as propriedades de superfície de cimentos após desafio erosivo. Objetivo: Avaliar a rugosidade da superfície (Ra), dureza Vickers (VHN) e morfologia de superfície de 4 cimentos após desafio erosivo. Material e método: Vinte amostras de cada cimento foram preparadas (4×2mm) e divididas em grupo experimental (desafio erosivo) e controle (saliva artificial) (n=10): Rely X U200 (U200); Rely X ARC (ARC); Ketac Cem Easy Mix (Ketac) e Fosfato de Zinco (ZnP). O desafio erosivo foi realizado com quatro ciclos erosivos diárias (90s) em bebida à base de cola e 2h em saliva artificial durante 7 dias. As leituras de Ra e VHN foram realizadas antes e após erosão. A porcentagem de perda de dureza (%VHN) foi obtida depois da erosão. A morfologia de superfície foi analisada por microscopia eletrônica de varredura (MEV). Foram utilizados testes de ANOVA, Tukey e T-Student (α=0,05). Resultado: Após a erosão, foi observado aumento dos valores de Ra em todos os cimentos testados, e os grupos U200 e ZNP tiveram a maior %VHN. Após imersão em saliva, apenas os grupos U200 e ZnP tiveram aumento significativo nos valores de Ra e não houve diferenças significativas entre os grupos quanto à %VHN. A análise em MEV mostrou que os grupos Ketac e ZNP apresentaram superfícies rugosas e porosas, e o grupo U200 apresentou maior degradação da matriz comparado ao grupo ARC. Conclusão: O desafio erosivo com bebida a base de cola afetou as propriedades de superfície de todos os cimentos.
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INTRODUCTION
Dental erosion is one of the mechanisms of tooth wear defined as hard tissue loss due to the contact of dental substrate with acids in the absence of bacteria 1 . Currently, the increased consumption of soft drinks is becoming a relevant factor for the development of tooth erosion 1, 2 . In addition to the dental structure, the surface of restorative materials and luting cements in the oral cavity of aging population can also be affected by erosion 3, 4 .
Cementation is the last stage after a sequence of clinical procedures, and it represents a significant contribution to the biological and mechanical longevity of indirect restorations, such as crowns and bridges 5 . However, the composition of the luting cements can influence its degradation in an acidic environment 6, 7 . The luting cements available can be classified as water-based and resin-based cements [8] [9] [10] . The most commonly used water-based Gondim, Medeiros, Costa et al.
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Few studies have investigated the erosive effects on the properties of luting cements 3, 7 , and prolonged times of exposure in erosive solution have been used. However, to simulate erosive development caused by the daily ingestion of acidic beverages, in vitro studies have used dynamic erosive challenge with daily cycles of immersion in acidic beverages and artificial saliva [13] [14] [15] .
The aim of study was to investigate the in vitro effects of dynamic erosive challenge with a cola beverage on the surface properties of water and resin-based luting cements. The hypothesis tested was that there would be differences among the luting cements regarding microhardness, roughness and morphological surface characteristics, as analyzed by scanning electron microscopy (SEM), after erosive challenge.
MATERIAL AND METHOD
Specimen Preparation
Four luting cements were investigated in this study: one conventional resin-based cement -Rely X ARC (ARC) (3M/ESPE, St. Paul, MN, USA); one self-adhesive resin-based cement -Rely X U200 (U200) (3M/ESPE, St. Paul, MN, USA); one glass ionomer cement -Ketac Cem (Ketac) (3M/ESPE, St. Paul, MN, USA); and one zinc phosphate cement (ZnP) (SS White, Rio de Janeiro, Brazil). The compositions of the materials are listed in Table 1 .
Twenty specimens of each luting cement were fabricated using silicone molds (4 mm diameter × 2 mm height), according to the manufacturers' instructions. After manipulation and insertion into the molds, the specimens were covered with an acetate strip (Probem Ltda, Catanduva, São Paulo, Brazil) and were pressed flat with a glass slide to compact the material. Ketac Cem was allowed to set for 5 min, and ZnP was allowed to set for 7 min. The resin-based luting cements were polymerized for 20 s with an LED curing light (1200 mW/cm 2 -Radii Cal, SDI, Bayswater, Victoria, Australia). The specimens were maintained in relative humidity for 24 h, and the baseline roughness and microhardness measurements were then obtained, as described above. The specimens of each cement were divided in two groups (n=10): erosion (erosive challenge) and control (artificial saliva).
Erosive Challenge
The specimens in the erosion group were immersed in a cola drink (Coca-Cola, SP, Brazil -pH 2.3), using individual containers (10 mL/specimen) at room temperature, for 90 seconds 4 times/ day 3, 16 . Subsequently, the specimens were rinsed thoroughly with deionized water and immersed in artificial saliva, at a pH of 7.0 (10 mL/block) at room temperature for 2h, between the erosive challenges 17 and overnight 13, 16 . The artificial saliva was created according to Amaechi et al. 18 . This erosive challenge was repeated for 7 days. The cola drink and artificial saliva were changed after every cycle. During the acidic cycles, the samples were kept in hermetically sealed containers to prevent the loss of carbonation from the cola drink. The specimens in the control group were immersed in artificial saliva for 7 days. The artificial saliva was changed every day.
Surface Roughness Measurements
At the end of the erosive challenge, the specimens were ultrasonically washed for 10 min and dried with absorbent paper. The specimens were then fitted to the surface roughness-measuring instrument (TR200, Digimess, São Paulo, SP, Brazil). In each specimen, three successive measurements in the central area in different directions were obtained by the same examiner, and the 
Surface Microhardness
The microhardness measurements were performed with a hardness tester (HMV II; Shimadzu Corporation, Kyoto, Japan) using a Vickers indenter (VHN) and a load of 200 g with a dwell time of 15 s. Five indentations were made in each specimen, at least 50 µm apart, and the mean VHN value was obtained. In addition, the percentage of microhardness loss (% VHN) was calculated using the following formula 
Surface Morphology Assessment
Three representative specimens of each cement were mounted on aluminum stubs and sputtered-coated with gold in a vacuum (Balzers-SCD 050 Sputter Coater, Fürstentum, Liechtenstein, Germany). Scanning electron microscopy (SEM) was performed with a LEO 1430 scanning electron microscope (Zeiss Inc., Thornwood, NY, USA) Analyses were performed with 500×, 1500× and 2000× magnification before and after erosive challenge and artificial saliva immersion.
Statistical Analysis
Data analysis was performed with the GraphPad Instat computer program, version 2.0 (GraphPad software, CA, USA), at a level of significance of α=0.05. Because all of the variables tested satisfied the assumptions of normal distribution, one-way ANOVA and Tukey's test were performed for statistical comparisons of Ra and VHN measurements among the luting cements. The paired t-test was used to compare Ra and VHN measurements before and after erosive challenge for the same luting cement. The unpaired t-test was used to compare Ra and VHN values after erosive challenge and artificial saliva immersion for each luting cement. The surface morphology of the cements before and after erosion was analyzed by SEM.
RESULT
The results of roughness and microhardness assessments are described in Tables 2, 3 , respectively. For the roughness measurements, after erosion, all of the luting cements had increases in Ra values (p<0.05). However, after saliva immersion, only the U200 and ZnP groups had significant increases in Ra values (p=0.001 and p=0.03, Table 2) .
Regarding the VHN measurements, after erosion and saliva immersion, only the Ketac group did not show decrease in VHN values (p=0.08 and p=0.07, respectively) ( Table 3) . The values obtained for %VHN after erosion showed that the U200 and ZnP groups had the greatest %VHN, without a significant difference between them (p=0.07), the ARC group had an intermediate %VHN, and Ketac showed the lowest %VHN (p=0.001). After artificial saliva immersion, there were no statistical differences among the groups for %VHN (p=0.07) ( Table 3) . Table 4 shows the comparisons of Ra and VHN values of each luting cement between after erosion and after saliva immersion.
For all of the luting cements, the Ra values were significant higher after erosion than after saliva imm ersion (p<0.05). Only the Ketac group did not show a significant difference in VHN values between the treatments (p=0.07); in the other groups, the VHN values were lower after erosion than after saliva immersion (p<0.05). Figures 1-4 show the SEM images at baseline, after erosive challenge and after saliva immersion. The U200 group showed a higher degradation of the resin matrix than the ARC group after erosive challenge and artificial saliva immersion. The filler particles of the U200 group were dispersed and protruded in the resin matrix ( Figure 1B, C) compared to the surfaces in the ARC group, which were smooth and regular ( Figure 2B, C) . However, there were no significant morphological changes between the treatments ( Figures 1B, C and 2B, C) . After erosive challenge, the Ketac and ZnP groups showed rough and porous surfaces ( Figures 3B and 4B ), but there was no difference in morphology between baseline and saliva immersion. 
DISCUSSION
Some studies have shown that the erosive degradation of cements depends on the immersion time 18 , the type of beverage 12, 14 and the acidity of the media 18 . It is known that during consumption, a beverage contacts the tooth surface and dental materials for only a short duration before it is washed away by saliva 19 . However, previous studies have evaluated the effects of erosive solutions on luting cement properties for prolonged exposures times, and they have not included saliva in the methodology 5, 6 . The present study was designed to overcome these limitations and to mimic the daily ingestion of acidic beverages. This dynamic, erosive pH-cycling model simulates the typical consumption of individuals considered to be at risk for dental erosion 20 , using a beverage (Coca-Cola) that is very commonly consumed by the population and that has high erosive potential due to its low pH and fluoride/calcium concentrations 21 .
After the erosive challenge, all of the cements showed increase in Ra values ( Table 2 ). The phosphoric acid found in the cola beverage could induce the softening of dimethacrylate and Bis-GMA polymers 14 and could favor the displacement of inorganic fillers, contributing to the formation of rough surfaces. This fact could also be associated with the decrease in VHN values found after erosive challenge for resin-based luting cements (Table 3) . Similarly, the acid of beverage could interfere at the ionic cross-linked polyalkenoate matrix of ionomeric cement, leading to subsequent loss of particle adherence, which could also cause increases in surface roughness. Furthermore, the Ketac group showed higher Ra values than the U200 and ARC groups ( Table 2) . SEM images also demonstrated higher porosity of the Ketac group surfaces ( Figure 3B ) than the resin-based luting cements ( Figures 1B and 2B ). The size of the glass filler for ionomeric cements is greater than that of the silane-treated ceramic/silica used in resin luting cements 22 , so there was likely lower homogeneity between the filler and matrix the ionomeric cements, thus increasing the surface roughness.
The results of the present study showed that ZnP cement had higher Ra values and greater %VHN loss than the glass ionomer and resin-based luting cements (Tables 2, 3 ). SEM images showed higher porosity and degradation of the surfaces in the ZnP group after erosion than in other groups ( Figure 4B ). According to Gemalmaz et al. 3 the zinc ions in phosphate cements can form a weak bond with the matrix, and the zinc can be lixiviated from it. In the composition of glass ionomer cement, there is a setting reaction between the calcium and aluminum ions of fluoroaluminosilicate glass particles and polyacrylic acid 4 , which could hinder the ion lixiviation and decrease the Ra values, %VHN and the degradation process of the cement. Other studies have also demonstrated that ZnP cement underwent greater degradation in acidic solutions than glass ionomer and resin-based luting cements 7, 8, 12, 22 , but these studies used lactic acid to simulate the reduction in pH in the oral environmental. Few investigations have evaluated the effects of erosive acids on the properties of luting cements 6, 7 .
The glass ionomer cement tested in the present study showed the smallest %VHN, and it was the only group that did not show a decrease in VHN values after erosive challenge (Table 3) . Although the study by Mckenzie et al. 7 did not evaluate surface properties, they also found no changes in the compressive and flexural strength of ionomeric luting cement after immersion in Coca-Cola. The ability of cements to resist degradation was found to vary with 
